ABSTRACT-Tranilast, an anti-allergic drug that inhibits the release of substances such as histamine and prostaglandins from mast cells, has been reported to improve keloids and hypertrophic scars which originate from the abnormal proliferation and excessive collagen accumulation of fibroblasts. It has been considered that various chemical mediators produced by inflammatory cells play important roles in the development of keloids and hypertrophic scars. We therefore studied the effect of tranilast on the release of chemical mediators including transforming growth factor (TGF)-/31, interleukin (IL)-1/3 and prostaglandin (PG) E2 which are produced by the human monocytes-macrophages, and estimated whether these mediators induce collagen synthesis and cell proliferation of normal skin fibroblasts. Tra nilast inhibited the release of TGF-,81, IL-1,8 and PGE2 from the human monocytes-macrophages. TGF ,81 (25 -200 pM) enhanced the collagen synthesis by fibroblasts. IL-1 (0.1-1 U/ml) increased the prolif eration and conversely decreased the collagen synthesis. PGE2 (2,ug/ml) enhanced the collagen synthe sis. These results suggest that tranilast suppresses collagen synthesis by fibroblasts through inhibiting TGF-,81 and PGE2 production and cell proliferation by fibroblasts through inhibiting IL-1 production by inflammatory cells such as macrophages.
Tranilast is well-known as an useful drug for improv ing and treating bronchial asthma, atopic dermatitis and allergic rhinitis. The efficacy of tranilast for the allergic diseases is based on the inhibition of chemical mediators release from mast cells and basophils during antigen-antibody reactions (1 8) .
Several reports have shown that tranilast cures or prevents keloids and hypertrophic scars (9, 10) . In ex perimental systems, tranilast decreases the weight of granulation tissues and inhibits collagen synthesis in hu man keloid tissues transplanted into the backs of nude mice and rat granulation-tissue induced by carrageenin (11) (12) (13) . However, the precise mechanism regarding the inhibition by tranilast has not yet been clarified.
Keloids and hypertrophic scars are thought to be caused by abnormal proliferation and excessive collagen accumulation of fibroblasts (14) (15) (16) . Many more mast cells are observed in hypertrophic scars and keloids compared to healthy human skin. Tranilast suppresses the histamine release from mast cells. For these reasons, much attention has been given to the roles of chemical mediators such as histamine and others from mast cells in the formation of keloids and hypertrophic scars (17, 18) . Recently, however, it has been reported that mast cells are not required to enhance fibroblast growth because of the development of fibrosis in mast cell-deficient mice (19) .
On the other hand, it has been considered that var ious cytokines produced by inflammatory cells including monocytes, macrophages and lymphocytes play impor tant roles in the proliferation and collagen synthesis of connective tissue, and result in the formation of keloids and hypertrophic scars (20) (21) (22) . There are few reports on the inhibitory effect of tranilast on cytokine produc tion. Yanagi et al. (23) have reported that tranilast in hibits the production of interleukin (IL)-1 and IL-2 from human macrophages and T-cells.
In this study, we investigated the effect of tranilast on the production of cytokines by monocytes-macro phages from healthy volunteers, and estimated whether Blood was taken from the ulnar veins of healthy male volunteers (27-40 years of age) and mixed with a 1/10 volume of 3.8% sodium citrate. A mono-poly resolving medium was used to collect mononuclear cells. The number of cells (106 cells/0.5 ml) was adjusted with calcium and magnesium-free phosphate-buffered saline (PBS). According to the method of Yanagi et al. (23) , the cell suspension was put into a 24-well tissue culture plate (Becton Dickinson Co., Ltd., Lincoln Park, NJ, U.S.A.). After incubation for 1 hr at 37°C under a 5% CO2 atmosphere, the cell pellet on the plate was col lected and used as monocytes-macrophages.
To induce the release of chemical mediators from the prepared monocytes-macrophages, the cells in the DMEM were cultured for 6 hr at 37°C in the presence of lipopolysaccharide (1 mg/ml) and the drug to be tested. Supernatant fluids were recovered by centrifuga tion. TGF-/31, IL-1,8 and PGE2 in the supernatant were measured by radioimmunoassay or enzyme-immuno assay.
Collagen synthesis of fibroblasts Culture of fibroblasts: Healthy skin tissues obtained surgically from the vicinity of keloid tissue were asep tically sliced into fine pieces with ophthalmic scissors. Four or five slices were left in a 35-mm plastic plate (Becton Dickinson). The primary culture of fibroblasts was performed at 37°C in 20% FBS/DMEM, penicillin (50 IU/ml), streptomycin (50,ug/ml) and kanamycin (100,ug/ml) under a humidified atmosphere of 5% CO2 and 95% air. The culture medium was renewed every 3 4 days. Confluent cells were detached from the plates by the addition of 0.25% trypsin and 0.02% ethylenediaminetetraacetic acid (EDTA). Fibroblasts were routinely passaged every 5 to 7 days with 10% FBS/DMEM. The cultures at passage 6 to 8 (6 to 8th passage cells) was used for the following experiments.
Collagen synthesis: Fibroblasts (4 X 105 cells) derived from healthy skin were disseminated into a 25-cm2 tis sue culture flask (Costar Co., Ltd., Cambridge, MA, U.S.A.) and cultured for 6 days in 10% FBS/DMEM. After they reached confluence, the cells were rinsed three times with PBS. To estimate collagen synthesis stimulated by TGF-191, IL-1,8, PGE2 and histamine, each reagent was added to the cultured fibro blasts derived from healthy skin. After the addition of l-ascorbic acid (50,ug/ml), the incubation was con tinued for 1 hr. The culture medium was replaced with 0.1% BSA/DMEM containing /3-aminopropionitrile (100,ug/ml) and 37 kBq/ml of 3H-proline (NEN), and fibroblasts in the medium were cultured for 6 hr fur ther. Ten percent trichloroacetic acid, 0.5% tannic acid and FBS were added to the culture medium or to the cell homogenates, and the mixture was allowed to stand for 10 min. According to the bacterial collagenase digestion method of Peterkofsky and Diegelmann (24) , the radioactivities of collagenase-sensitive protein (col lagen) and the collagenase-insensitive (non-collagen) protein were measured. The relative synthetic activity of collagen was calculated by the following formula:
Relative synthetic activity of collagen (%) = The amount of protein in the cell homogenates was measured by the Bio-Rad protein assay.
Proliferation of fibroblasts: Fibroblasts (105 cells) after 6 8 passages derived from the healthy skin were suspended in 2% FBS/DMEM and disseminated in a 25-cm2 culture flask (Costar). After 24 hr at 37°C, the medium was replaced with 2% FBS/DMEM containing TGF-,81, IL-1,6, PGE2 or histamine at various concen trations, and cultivations were continued for 24 hr. The cells were removed with 0.25% trypsin-0.02% EDTA, and the number of cells was counted under a micro scope after staining with 0.3% trypan blue. Cell viabil ity was 94% or more.
Statistical analysis
The results obtained were expressed as the mean ± S.E. Student's t-test for paired observations was used to test for significance.
RESULTS
Effect on the release of TGF-,81i IL-1,6 and PGE2 from the human monocytes-macrophages TGF-/31, IL-1,8 and PGE2 in the supernatant from cultured monocytes-macrophages stimulated by lipo polysaccharide (1 mg/ml) were measured. TGF-,81, IL-1,8 and PGE2 were released from monocytes-macrophages. Tranilast suppressed the release of TGF-,81 at concen trations of 3 300 ,u M, PGE2 at 30 300 ,u M and IL-1,8 at 300,uM (Figs. 1-3) . Triamcinolone (1 uM) pre vented the release of TGF-,81 and exhibited a slight in hibition of IL-1,8 release. However, it had no effect on PGE2 release (Figs. 1 3) .
Collagen synthesis and cell proliferation caused by TGF /31, IL-1,8, PGE2 or histamine
Collagen synthesis: TGF-/9 1 enhanced the collagen synthesis by fibroblasts derived from healthy skin at concentrations of 12.5 200 pM in a dose-dependent manner. PGE2 (2 ,ug/ml) and histamine (0.1-1 mM) enhanced the collagen synthesis, but IL-1/9 (0.1 U/ml) inhibited the collagen synthesis (Fig. 4) .
Cell proliferation: IL-1/8 at 0.1-1 U/ml enhanced the proliferation of fibroblasts derived from healthy skin in a dose-dependent manner. Only TGF-191 at 50 pM in creased the cell proliferation. On the other hand, PGE2 and histamine had no effect on the proliferation (Fig.  4) . Fig. 1 . Effects of tranilast and triamcinolone acetonide (TA) on the release of TGF-fl, from the human monocytes-macrophages by lipopolysaccharide (1 mg/ml). Each column shows the mean ± S.E. for 3 7 experiments. * and * * : significantly different from the control at P <,0.05 and P < 0.01, respectively. 
DISCUSSION
It has been known that many kinds of inflammatory cell including mast cells, fibroblasts, lymphocytes, monocytes and macrophages are involved in chronic inflammation, and various cytokines produced by these cells play important roles in the acceleration or inhibi tion of chemotaxis, proliferation and collagen synthesis of fibroblasts (20) (21) (22) . On the other hand, there are few reports on the inhibitory action of tranilast on the production of cytokines. Yanagi et al. (23) have re ported that tranilast inhibits the production of IL-1 and IL-2, regulating cell proliferation from human macro phages and T-cells.
This study showed that TGF-fl 1 and IL-1l are pro duced by the human monocytes-macrophages. IL-1,8 is produced mainly by monocytes and macrophages. In this study, IL-1,8 obviously enhanced the proliferation of fibroblasts but only weakly inhibited the collagen synthesis. On the other hand, TGF-,B1 was first found in blood platelets, but it is also produced by monocytes and macrophages and has been recognized as a regula tory factor of cell proliferation (25, 26) . This study as well demonstrated that TGF-,81 is produced by monocytes-macrophages. Although TGF-,81 enhances both fibroblast proliferation and collagen synthesis, the latter action is stronger (21, 22) . In this study as well, with respect to human skin fibroblasts, TGF-,81 showed a more pronounced effect in accelerating collagen synthesis than in enhancing cell proliferation. Keloids and hypertrophic scars result from abnormal prolifera tion of fibroblasts and excessive accumulation of col lagen during the process of wound healing (11) (12) (13) . If we consider this in connection with the results de scribed above, the inhibition of collagen synthesis of fibroblasts by tranilast would involve the inhibitory ac tion on the release of TGF-fl 1 produced by monocytes macrophages. On the other hand, it would be likely that the inhibitory action of tranilast on the release of IL-1,8 results in suppression of fibroblast proliferation.
Tranilast inhibits the release of chemical mediators such as histamine, leukotrienes, prostaglandins and PAF, which are produced from mast cells and basophils during the antigen-antibody reaction. In this study, TGF-fl1, IL-1,8 and PGE2 were released from the human monocytes-macrophages by lipopolysaccharide. TGF-/31 and PGE2 promoted collagen synthesis and IL 1,8 induced skin fibroblast proliferation. Tranilast at concentrations of 30 300 ,u M inhibited the release of TGF-/31, IL-1,8 and PGE2 from both cells. These con centrations (30 300 ,u M) of tranilast are comparable to the concentrations (10 -1000 ,u M) that inhibit the re lease of histamine (5, 7) .
Prostaglandins are important chemical mediators re leased from various inflammatory cells. Furthermore, attention has been focused on them as factors regulat ing fibroblast proliferation (27, 28) . It has been re ported that tranilast inhibits the production of prosta glandins by mast cells (8) . PGE2 was produced by hu man monocytes-macrophages and promoted the col lagen synthesis by human skin fibroblasts. These find ings suggest that in the incidence of hypertrophic scars, prostaglandins released from inflammatory cells such as macrophages, etc. are involved in the accumulation of collagen by fibroblasts.
Attention has been also focused on the involvement of histamine released from mast cells, because a large number of mast cells infiltrate into hypertrophic scars and keloid tissues and histamine enhances the growth of fibroblasts (17, 18) . However, fibroblast proliferation is evoked in mast cell-deficient mice and anti-histamin ergic drugs have no effects on the growth of fibro blasts (19) . In this study, histamine had no effect on the cell proliferation, and collagen synthesis by fibroblasts was promoted at higher concentration of histamine (0.1 mM). Further studies are necessary to clarify the role of histamine in fibroblast proliferation and collagen synthesis in keloids and hypertrophic scars.
In conclusion, this study showed that tranilast inhibits the release from monocytes-macrophages of IL-1,8, which enhances the proliferation of fibroblasts, and of TGF-/3 1 and PGE2, which enhance collagen synthesis. From these results, it would seem that tranilast inhibits the formation of keloids and hypertrophic scars through the suppression of collagen synthesis and cell prolifera tion of fibroblasts resulting from the inhibition of cyto kine and prostaglandin release from macrophages and other inflammatory cells.
